Angelman syndrome (AS), characterized by motor dysfunction, mental retardation, and seizures, is caused by several genetic etiologies involving chromosome 15q11-q13, including mutations of the UBE3A gene. UBE3A encodes UBE3A/E6-AP, a ubiquitin-protein ligase, and shows brain-specific imprinting, with brain expression predominantly from the maternal allele. Lack of a functional maternal allele of UBE3A causes AS. In order to understand the causal relationship between maternal UBE3A mutations and AS, we have constructed a mouse model with targeted inactivation of Ube3a. The inactive allele contains a lacZ reporter gene for analysis of brain-specific imprinting. Maternal, but not paternal, transmission of the targeted allele leads to ␤-galactosidase activity in hippocampal and cerebellar neurons. Maternal inheritance of the Ube3a mutant allele also causes impaired performance in tests of motor function and spatial learning, as well as abnormal hippocampal EEG recordings. As predicted from the dependence of UBE3A-mediated ubiquitination of p53 on HPV E6 protein, our maternal-deficient mice show normal brain p53 levels.
INTRODUCTION
Angelman syndrome (AS), characterized by severe mental retardation, lack of speech, abnormal gait, easily provoked smiling and laughter, seizure disorder, and sleep disturbance (Williams et al., 1995) , is caused by a variety of genetic alterations involving 15q11-q13 (Nicholls et al., 1998) . About 70% of AS cases are caused by de novo maternal deletions of 15q11-q13 (Williams et al., 1995) ; 5-10% are caused by mutations of the maternal UBE3A gene, located within 15q11-q13 (Fang et al., 1999; Kishino et al., 1997; Malzac et al., 1998; Matsuura et al., 1997) ; 3-5% are caused by imprinting defects (Ohta et al., 1999) ; and 2-3% are caused by paternal uniparental disomy (UPD) of chromosome 15 (Robinson et al., 2000) . All of these mechanisms lead to absence of a functional maternal copy of UBE3A.
UBE3A encodes the UBE3A/E6-AP protein, originally identified by its ability to ubiquitinate p53 in the presence of E6 protein from "high-risk" tumorigenic human papillomavirus (HPV) (Huibregtse et al., 1993a) . In addition to p53, the human homologs of yeast Rad23 (HHR23A and HHR23B) and the active form of Blk kinase are substrates of UBE3A; unlike p53, the Rad23 homologs and active Blk are E6-independent substrates of UBE3A (Kumar et al., 1999; Oda et al., 1999) . UBE3A has recently been reported to ubiquitinate itself in an E6-dependent reaction (Kao et al., 2000) .
UBE3A shows brain-specific imprinting in humans and mice (Albrecht et al., 1997; Rougeulle et al., 1997; Vu and Hoffman, 1997) . UBE3A expression in AS deletion brain is reduced to ϳ10% of the level in normal human brain (Rougeulle et al., 1997) , while expression of maternal and paternal alleles in other tissues is
